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ABSTRACT

A comparison is presented of non-dimensionalized theoretical
and experimental pressures and forces acting on a flat ring
baffle under sloshing conditions. Comparisons are made for
various baffle depths and for three values of tank excitation
amplitudes. Force measurements for various perforated
baffles are also presented.
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LIST OF SYMBOLS

Longitudinal acceleration of tank
Cylindrical tank diameter

Distance from top of baffle to liquid surface
Liquid depth to bottom of tank

Cylindrical tank radius

Baffle width

Tank excitation amplitude in translation
Liquid natural circular frequency

Liquid slosh height

Pressure

Force
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INTRODUCTION

Ring baffles as liquid damping devices in cylindrical tanks
and their effect on resonant frequencies were investigated in Ref. 1.
The present report is a continuation of this work, with emphasis on
the ring pressure distribution and total baffle loading force under
sloshing conditions.

The ring baffles considered in this report are similar to
those in Ref. 1, and the equipment and procedures are similar to
those in Ref. 2. The pressure and baffle forces were recorded for
three excitation amplitudes at frequencies corresponding to the maxi-
mum baffle loading.

A comparison is presented of the experimental pressure and
force measurements with theoretical values computed from Reis. 3 and
4. FExperimentally determined liquid slosh heights and resonant fre-

quencies were employed in the theoretical computations.



TANK CONFIGURATION

An 11.5" diameter plastic tank was used for all the pressure
and baffle load measurement.tests rather than the 1.2 ft diameter steel
tank used in Ref. 1. The steel tank was found to have various irregular
and out-of-round sections which would have been detrimental to the
baffle force system.

The ring baffle for these tests was split in half, one attached
rigidly to the tank wall surface and the other half supported by three
force measuring dynamometers, as shown in Figure 1. Also shown
in Figure 1 are five pressure sensing beam elements which were
soldered at cut-out sections around a 90° baffle section. During the
tests, the vertical uprights attaching the baffle half to the dynamometers
were oriented in line with the tank excitation amplitude offering little or
no distortion to the liquid flow pattern, as shown in Figure 2. A nominal
clearance of approximately 0.01" to 0.02' was maintained between the
instrumented baffle and the tank wall by the round aluminum dynamometer
support fixture. The aluminum fixture, with a nominal diameter approxi-
mately 0.020" greater than the baffle diameter, was machined for a press
fit into the plastic tank. The assembly was simplified by the use of a heat
gun which expanded the plastic tank and allowed easy positioning of the

aluminum fixture. Upon completion of pressure distribution tests, force



measurements on various perforated baffles were conducted by fixing
the baffle similarly to the instrumented solid baffles.

The baffle heights were simply altered by addition or drain-
ing of the test fluid. All tests were conducted for h/d>| and the
following dimensionless tank excitation amplitudes: Xo/d =0.00417,
0.0083 and 0.0107. The slosh heights necessary for the theoretical
baffle pressure and baifle force values were recorded visually and
with capacitive probes. The visual measurements proved to be more
efficient in that the gross motion of the liquid height was averaged

more easily.



PRESSURES ON RING BAFFLES

Tests were conducted in a tank in forced excitation, driven
horizontally in a steady harmonic motion at the first liquid resonant
frequency or at a slightly higher frequency corresponding to a maxi-
mum baffle loading. Pressure data were recorded for baffle depths
(dg/R) ranging from dg/R = 0 to dg/R = 0.375, in increments of d4 /R =
0.025. These tests were conducted for three tank excitation amplitudes
(Xo/d) ranging from X /d = 0.00417 to X, /d = 0.0107.

The data reduction for baffle depths greater than dS/R = 0.075
was by a harmonic analysis method which resulted in peak to peak pres-
sure amplitudes. For a baffle depth less than dg/R = 0.075, the zero
line was easily detected, and the peak positive pressure was measured
and then doubled for consistent peak to peak pressure presentation.

Plots of the test data indicated that the peak pressure (in the
plane of excitation) varied almost directly with the tank excitation
amplitude (Xo/d). Because of the linear excitation amplitude relation-
ship with the pressure measurements, it was decided to present the
data results as a root-mean-square value for the three test excitation
amplitudes.

Experimental data for all excitation amplitudes are presented

in tabular form in Appendix A.



In conducting these tests, a large number of them were re-run
to determine whether the baffle pressure followed the predicted cosine
distribution, as indicated in Ref. 3. After many tests and a careful
study of the liquid motions, it was determined that the experimental
pressures could not follow a cosine distribution because of the liquid
slosh pattern. The liquid slosh which produces maximum baffle load-~
ing is not a pure anti-symmetrical slosh mode; rather it is a combination
of an anti-symmetrical and symmetrical slosh mode, as can perhaps
be seen in Figure 3 (note the anti-symmetrical and the symmetrical
slosh with the concave shape away from the liquid center). Reference 5
also mentions this type of liquid sloshing.

The experimental pressure measurements agree very closely
with the theoretical values (Ref. 3) for the baffle section normal to the
excitation amplitude. Figures 4 and 5 present the comparison of the
non-dimensional, experimental and theoretical pressures values
(r/ aX,) for two radial locations at the baffle section normal to the
excitation amplitude 6 = 0. Figure 6 presents the pressure comparison
for ® = 30°. Although not as close as those presented in Figure 5, the
theoretical pressures are still reasonably close and could be considered
as valid pressures in any baffle design. Figure 7 presents the compari-
o

son for 0 = 60 The major difference between the theoretical and experi-

mental pressures is a direct result of the symmetrical component of the



sloshing mode. A harmonic analysis of the data indicated that, for this
baffle section, approximately 24% of the pressure amplitude resulted
from the symmetrical slosh component. The pressure recorded at
0 = 85° was very erratic, and no attempt was made to reduce the data.
Visual observation of the data indicates that the apparent pressure
component for 9 = 85° was primarily due to the symmetrical sloshing
mode.

No pressure data were recorded for perforated ring baffles.
Tests on perforated ring baffles were limited to the total loading force
measurements, and the results are presented in the following section.

Appendix B presents the theoretical formulation employed,

from Ref. 3.



BAFFLE LOADING FORCE MEASUREMENTS

Baffle force data were recorded for solid (non-perforated)
baffles and various perforated baffles. The data were recorded as
a peak-peak force measurement on half of the baffle normal to the
direction of translational excitation. The other half of the baffle
was rigidly attached to the tank wall surface. As in the case of the
pressure data, the force measurements were found to be quite linear
with the excitation amplitude (Xo/d).

The force measurements for all the baffles considered are
presented in terms of dimensionless force (F/,a ad3(Xo/d)) versus the
baffle submergence depth (dg/R). The force values are the root mean
square values obtained for three values of tank translation excitation
amplitude.

Figure 8 shows a comparison of the experimental force
measurements and two theoretical force values computed from Refs.
3 and 4. Experimentally determined liquid slosh heights and resonant
frequencies were used in the theoretical computations. It can be seen
from Figure 8 that the experimental values are in the range bounded
by the two theoretical computations.

A comparison of the experimental force values and those
computed from Ref. 3 again illustrate that the pressure for the baffle

o : .
section, where 6 = 60, is significant and constitutes the difference



between the theoretical and experimental force data. The theoretical
values computed from Ref. 4 are greater than the experimental values
and would appear to be safe for design purposes. The significant
criteria for design purposes is the maximum baffle loading. From
Figure 8, it can be seen that the maximum baffle loading occurs when
the baffle is located at the liquid free surface, dg /R = 0. For this
depth (dg /R = 0), the theoretical values of Ref. 3 appear to be much
closer than are those computed from Ref. 4.

Baiffle loading forces were also recorded for various per-
forated baffles. Figure 9 presents a comparison of the baffle forces
for a solid ring baffle with various perforated baffles. For this
comparison, the perforation hole size is kept constant at 4, = . 079,
and various percentages of perforated open areas are considered. It
can be seen from this figure that the baffle loading is decreased con-
siderably for the 8% and 16% open areas, but no significant additional
decrease in force is noted for the 23% and 30% over the 16% open baffle.

Figure 10 presents a comparison of the baffle forces for a
solid ring baffle with various 30% open baffles having different hole
size openings. It may be noted that the baffle force increases as the
perforation hole size is decreased. Additional perforated baffle tests
must be conducted on other tank diameters to establish a relationship

between baffle perforation hole size and tank diameter.




CONCLUSIONS

The comparisons of the theoretical and experimental pres-
sures are based on the liquid slosh height, obtained from visual
measurements. Capacitive probe-type slosh height measurements
were also recorded, but these were discarded because the measure-
ments were not representative of the complex mode liquid slosh
encountered with baffles near the liquid free surface.

The comparisons generally appear to be in very good
agreement. The pressure distributions also appear to be good for
the baffle sector normal to the excitation amplitude (§< 30°); for the
baiffle sector 6 > 300, the experimental pressures are considerably
higher. The effect of the higher pressures at these angles can be
noted in the comparison of the experimental force measurements and

the forces computed from Ref. 3 using a cosine pressure distribution.
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P, psi (p-p) P, psi (p-p) P, psi (p-p) P, psi (p-p) F, lbs
8 = 0° g =0° 8 = 30° 6 = 60° Semi-Baffle

X,/d | 44/R y/W = .824 v/W = .32 y/W= .32 yIW = .32 (p-p)
. 0107 0 .0229 0564 .0336 . 0269 .395
k . 025 . 0195 . 052 . 053 . 0215 .326
. 050 . 0199 0398 . 0268 . 0217 .304
. 075 . 0154 0362 .029 . 0270 .330
.100 . 0117 0334 .018 .0188 . 335
.125 . 0110 . 0350 . 0233 . 0220 . 321
. 150 . 0183 0334 . 0299 . 0244 .362
. 175 .0158 0375 . 0485 . 0287 . 371
. 250 . 0166 0424 . 0197 . 0259 414
\ .300 . 0151 , 0455 . 0237 . 0287 . 462
L0107 | .375 . 0210 . 0512 .0223 . 0285 .502
.0083 | .000 - - ——- .- . 401
. 025 - 0398 - .- . 287
. 050 . 0161 0338 . 0166 . 0205 .300
. 075 . 0142 0288 .0139 . 0149 . 273
.100 . 0088 . 0291 . 0148 . 0226 . 244
.125 . 0104 0236 . 0182 . 0173 .233
.175 . 0106 0288 . 0241 . 0194 .327
.0083 | .250 . 0147 0332 . 0189 . 0217 .333
., 00417 | .250 . 0096 0176 . 0162 . 0145 .165
0 - —— —— - .195
. 025 . 0077 . 025 . 009 . 0177 L173
, 050 . 005 0191 . 0075 . 016 162
. 075 . 0021 0112 . 009 . 012 .116
.100 . 0033 0138 . 0132 ,013 . 104

.00417| . 175 . 008 0121 . 009 , 0175 . 146

PRESSURE AND FORCE DATA

V XIONdEddV



APPENDIX B

According to Liu's general theory, the pressure on either

side of the baffle is

& Plaw) = U {Re [AF (w)]- A} -U* [Z-2 AR (u)f ) AR ()2 Kus)]

for v = 0. u and v are the coordinates in the conformally mapped

plane of the baffle. AF (u, v) is the mapping function, where A is

a constant. K, R, and F are certain complex functions.

Ay

3 m2pPIn 1 9%
AU
~c 3 +C
—on —
i 5 u
Physical Plane Mapped Plane

The mapping function is

X+iy=A [urvieiluv-c ((=JT)
which maps the points (0-, 0), onto (-C, 0), and (04, 0) onto(C, 0).
Pt. 3 in the physical plane is mapped onto Pt. 3 of the mapped plane,

SO

O+b=A [0-0+0-C* = LAc
Therefore A=%—

So the mapping function is

x+iy = AF (u,v) = & [u2-v3 2luv-c?

12



Liu has worked out the necessary functions for an inclined baffle,

shown in the sketch below

3 by bv
AU
-C U3 C
—_— —p
tank X 1 3 5 u
wall '
Physical Plane Mapped Plane

The baffle angle & =&

For this case, the necessary functions are

K (u,0)= F A(c+u) &3 (c- u)
R(u,0)=:,_,£%_— c+u) (u Us

£ (u,0) =m—_sm«ﬁ-

-I

These functions can be made to apply to the vertical baffle by letting

So, for the vertical baffle

R (u, o) f??:- (ug=0

Consequently, the baffle pressure is

for a vertical baffle)

& p(uo)=UfRe [§ fu=c* |- uf-U*{3- ’u_f“}

13



LA A .
But the real part of ¢ JU™=-C for \ul"Cl is zero.

s p(u,0)= -8 T,-0% (3 - )

uﬂ

The net baffle pressure is the difference between the pressure on

the bottom and the pressure on the top, or

= Pracrie = P(u+o)-P(u-,0)

L =-2 X
o Pbof"-Ple =-2 7 Uy
In order to transform this formula back into the physical plane

it is necessary to use the mapping function

'._._V!fﬁZ ' -~
Xiuy-c u=-v+2Luv-c¢

The baffle is described by x=0, O Sy Ew , or V20,-CSsuUEC

Therefore, on the baffle

O-l-Ly =%’— us-c® or
..yz= (%’-)2(uz—-cz)
_ 7y > or
u=c i (b)
So

A 2
Poatrie =20 Uw "(%)

But U=TUpy cos wt cos 6

o U = -W Umax S'ln C\J‘t cos g

14



Pl = 20 Upar wifl-(y/m)?* sin wt cos 8

d

-3.685*
In terms of the slosh height } ) Umax = W ﬁﬂ

where dS = depth of baffle below free surface, and d = tank diameter.

Therefore

d,
-3.68 = .
P, .tfle = 2w ﬁ/o 7 1=-(/w)? sin wt cos 6

Pmax 4 1 = (y/w)® sin wt cos &

=2
-3.68°%
_ 2 el
where Pax_zw/oﬁ/a o

15
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FIGURE 2. ORIENTATION OF BAFFLE PRESSURE AND FORCE
DYNAMOMETER FIXTURE UNDER SLOSHING CONDITIONS
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